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Vehicle for topical application of pharmaceuticals. 

A topical pharmaceutical formulation, useful as a vehicle 
for E-type prostaglandins and in the treatment of an- 
drogenetic alopecia, is described. 
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VEHICLE FOR TOPICAL APPLICATION OF PHARMACEUTICALS 
BACKGROUND OF THE iHVEWrlON 

Prostaglandins are a group of cyclic fatty acids 
th^t possess diverse and potent biologic activities affec- 
ting cellular function in every organ system. The parent 
compound, prostanoic acid, contains a 20 carbon chain with 
a cyclopentane ring. 




15 PROSTANOIC ACID 

Variations in the number and position of the double bonds and 
hydroxyl groups determine the physiologic activities of the 
various prostaglandins. 

Conventionally, prostaglandins are divided into 

20 types E, F, A, B 9 C and D based on functions in the cyclo- 

pentane ring. Numerical subscripts refer to the number of 
unsaturations in the side chains-and,a or g subscripts refer to 
the configuration of the substituents in the ring. The 
naturally occurring prostaglandins are typ^s E, F, A and B. 

25 All naturally ocurring prostaglandins have a trans 13,14 

position bond and an hydroxyl group at C15- 



RM.Qnnnm- *-po 



0249193 



-2- 

The E- and F-Cype prostaglandins possess an 
additional hydroxyl at Cij. At C9, E-type prostaglandins 
have a carbonyl function while F-type prostaglandins have 
an hydroxyl. In general 9 A- and B-type prostaglandins may 
be regarded as dehydration products of E- type prostaglandins; 
i.e. , the removal of the C\\ hydroxyl and the formation of 
a double bond in the cyclopentane ring. 

The known biologic activities of prostaglandins of 
the E-type include activities as hypotensive agents, bron- 
1 chodilators, and gastric acid secretion inhibition agents. 

[Berg Strom, et al . , PHARMACOL ? |EV . * 20:1 (1968) ). However, 
pharmaceutical use of . E- : tyjpe prostaglandins has been impeded 
by their instability . E.-typct: prostaglandins generally de- . 
compose slowly at . room temperature and above, which de- 
1 composition is accelerated in the presence of small amounts 

of acid or base. Accordingly, E-type prostaglandins are 
unstable in pharmaceutical formulations containing water 
or hydroxylic compounds. Even la neutral, aqueous solution 
or in neat state there is a gradual decomposition of E-type 
' prostaglandins to A- and 6-type prostaglandins. 

Good stability of the E-type prostaglandins has 
been observed in some solutions; arid in pure form at tempera- 
tures of -20°C or lower. c However ^ storage at such tempera- 
tures is impractical. Some success at stabilization at 
> room temperature has been reported when non-alcoholic com- 

pounds such as ethyl acetate and chloroform are employed as 
solvents for E-type prostaglandins. Such solvents, however, 
are unsuitable for pharmaceutical dosage applications. 

More recently, good stability of E-type prostaglan- 
3 dins was reported with use of triethyl citrate as a solvent 

(U. S. Patent No. 4,211,793) and with use of hydroxylated 
derivatives of fatty acids (U. S. Patent No. 4,431,833). 
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Although hair serves no vitel function in humans, 
the psychological impact from excess hair growth or loss of 
hair can be enormous. For some men in particular, as a result 
of aging and predisposing genetic factors, scalp baldness 
occurs in stages often resulting in a complete loss of scalp 
hair. This baldness is known as male pattern baldness or 
androgenetic alopecia. It is believed that an accumulation of 
5- a-dihydro testosterone, a tisue-active androgen, in some 
scalp hair follicles over time causes the regression of hair 
growth in such follicles. However f androgen production is no 
higher in men with androgenetic alopecia than in those with 
full scalps of hair. 

There is no effective treatment for androgenetic 
alopecia at the present time. There h^ve been some reports 
that minoxidil, a potent vasodilator, ha? been effective in 
causing scalp hair growth in patients with androgenetic alo- 
pecia. However, contrary to some popular belief, there is no 
evidence of a vascular deficit to the scalp in patients with 
androgenetic alopecia. 
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, , THE INVENTION 
It has been discovered that a formulation of : (1) 
polydimethylsiloxane (20 to 1,000,000 centistokes viscos- 
ity); (2) C12-C15 alcohols benzoate, isopropyl palmitate, 
5 isopropyl myristate , diisopropyl adipate, octyl hydroxy- 

stearate, PPG-2 myristyl ether propionate r almond oil or 
mixtures thereof; arid* (3) volatile silicones such as octa- 
methylcyclotetrasiloxane, decamethylcyclopentasilox- 
ane, hexamethyld is ilox^ne and other low molecular weight 
10 polydimethylsiloxanes. and/or pharmaceutically acceptable 

chlorofluorocarbons; is useful in the treatment of andro- 
genetic alopecia. It has also been determined that such 
formulation provides a vehicle for stable-storage of E-type 
prostaglandins. 

15 In its broadest sense the formulation of the pre- 

sent invention may be described as: 

Concentration 

Ingredient (% by weight) 

2Q Polydimethylsiloxane 

(20 to 1,000,000 centistokes) 1 to 50 

Solvent 1* 2 tp 60 

Solvent 2** . 100 

25 * Solvent 1 may be selected from esters such as Ci?" c 15 

alcohols benzoate, isopropyl palmitate, isopropyl myri- 
state, diisopropyl adipate, octyl hydroxystearate, 
PPG-2 myristyl ether propionate, almond oil, etc. 



30 



Solvent 2 may be selected from volatile silicones 
such as octamethylcyclotetrasiloxane , decamethylcyclo- 
pentasiloxane , hexamethyldisiloxane and other low mol- 
ecular weight polydimethylsiloxanes such as Dow Corn- 
ing 200 Fluid 1.0 centistokes and 1.5 centistokes and 
pharmaceutically acceptable chlorofluorocarbons (such 
as the Freons). 
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In a specific sense, the composition according 
to the present invention may t^e described by the following 

formula: 

Formulation A 
"""" ~ Concentration 
Ingredient <% by weight) 



Polydimethylsi loxane 

(12,500 centistokes) 15 

c 12" c 15 Alcohols Benzoate, , < 20 

Cyclomethicone (Octamethyl- 

cyclotetrasi loxane. *qs to. ..... . 100 



The following description details the preparation 

of a typical formulation encompassed by this invention. 

Formulation A 

Concentration Quantity 
Ingredient by Weight) (mg/0.3 ml) 



Polydimethylsi loxane 
(12,5Q0 centistokes) 

c i2~Ci5 Alcohols Benzoate 

Cyclomethicpne ( Octameth- 
ylcyclotetrasi loxane 

The polydimethylsi loxane wap placed in a suitable 
container. One half of the total quantity of cyclomethi- 
cone was added to the container and the contents were 
stirred until homogenous. 
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The Cl2~Cl5 alcohols benzoate was added to the 
polydimethylsiloxane*-cyclomethicone mixture. The resulting 
mixture was then stirred until homogeneous. 

The remaining portion of cyclomethicone was added 
and this final solution was stirred until homogeneous . The 
resulting Formulation A can then be placed into suitable 
containers . 

Clinical studies, using healthy, male volunteers 
(age: 18-65) with vertex baldness and some recession of front 
hairline were performed using the above-described Formu- 
lation A. A patch of bald or balding scalp in the crown or 
vertex region near the margin of existing hairline, approx- 
imately one inch in diabeber , wasr observed for hair growth. 
The hairs bri such lotfatfion tfere counted at the beginning of 
the study, and re-counts were done periodically during the 
course of the study. All hair, including unpigmented vellus 
and pigmented intermediate and terminal hair, was counted, 
except as indicated here inbe low. The amount of Formulation 
A applied was approximately #3 ml, which amount was applied 
once daily to the bald and balding areas of the scalp. 
Formulation A was applied with an index finger and rubbing 
action. The volunteers were instructed to apply Formulation 
A to a clean and dry scalp. The chart below summarizes the 
results after three months of study. 
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17% 


7% 
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13% 


3% 




>300% 


0% 
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Additionally, as the study proceeded beyond three 
20 months, the results were charted as mean hair counts over 

time. Fig. 1 shows the total mean hair count oyer a six-month 
period of time- Fig. 2 shows the mean hair count of inter- 
mediate and terminal hair over a six-month period of time. 
Fig- 3 shown the mean hair count of intermediate hair over a 
25 six-month period of time. Fig. 4 shows the mean hair count 

of terminal hair over a six-month period of time. Fig, 5 
shows the mean hair count of vellus hair oyer a six month 
period of t ime . 

30 
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As is shown in the above chart and in Figs. 1 
through 5, topical application of Formulation A causeshair 
growth. The mechanism by which such formulation causes such 
growth is unknown. However, one proposed mechanism is. that 
5 the ingredients clean hair follicles of accumulations of 
5-a-dihydrotestosterone. If such proposal is correct, 
then it is believed that any of the three components of 
Formulation A would promote hair growth. 

Additionally, the formulation of the present in- 
0 vention has been determined to be useful as a pharmaceutical 
vehicle for topical application of E-type prostaglandin. As 
more fully described hereinabove, a principal problem' en- 
countered with pharmacological utilization of prostaglandins 
resides in their relatively unstable nature in pharmaceu- 
5 tical formulations. The few successful attempts at providing 
stable formulations have resulted in oily liquid compo- 
sitions such as the triethyl citrate formulation of 
U. S. 4,211,793. Such' formulation is unsatisfactory for 
topical application, as such results in greasy build-up on 

:0 the skin^ Formulation AV it has been determined, presents a 
suitable vehicle for topical application of E-type prosta- 
glandins. In particular, it presents a vehicle for topical 
application of viprostol, methyl (±) -[11a, 5Z(5E), 13 E, 16R 
and 16SJ-16 ethenyl-Il ,16-dihydrbxy-9-oxoprosta-5 , 13-dien- 

15 loate, an E-type prostaglandin. Viprostol is active as an 
anti-hypertensive agent , inter alia , and can be used for such 
purpose with topical application. Formulation A and other 
formulations according to the present invention provide a 
non-greasy vehicle for topical application of viprostol. 

jq Additionally, viprostol may be dissolved in such vehicle 
without significant loss of its potency over extended periods 
of time at room temperature. 
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WHAT IS CLAIMED IS: 

1. A method for treating androgenetic alopecia 
in humans which method comprise? topically applying to 
the affected scalp areas an effective amount of polydi- 
methylsiloxane (20 to 1,000,000 centistokes) . 

2. A method for treating androgenetic alopecia 
in humans which method comprises topically applying to 
the affected scalp areas an effective pmouijt of Cx2~Cl5 
alcohols benzoate, isopropyl p?lmitate, isopropyl myris- 
tate, diisopropyl adipate, octyl. hydrpxystreate, PPG-2 
myristyl ether propionate, almond oil or mixtures thereof. 

3. A method for treating androgenetic alopecia 
in humans which method comprises topically applying to 
the affected scalp areas an effective amount of volatile 
silicone such as oc tamethylcyclote tras iloxane , decamethyl- 
cyclopentas iloxane, hexamethyldis iloxane and other low- 
molecular weight polydiinethylsiloxanes or pharmaceutically 
acceptable chlorof luorocarbons . 

4. A method for treating androgenetic alopecia 
in humans which method comprises topically applying to 
the affected scalp areas an effective amount of a composi- 
tion comprising: 

(a) polydimethylsiloxane (20 to 1,000,000 
centistokes) ; 

(b) C12-C15 alcohols benzoat^, isopropyl palmi- 
tate, isopropyl myristate, di isopropyl adipate, 
octyl hydroxystearate, PPG-2 myristyl ether 
propionate, almond oil, or mixtures thereof ; and 

(c) volatile silicone such as octamethylcyclo- 
te t r as i loxane , decame thy lcyc lopentas i loxane , 
hexamethyldisiloxanie and other low molecular 
weight polydiinethylsiloxanes,. or pharmaceutically 
acceptable chlorof luorocarbons . 
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5. The method as recited in claim 4 wherein the 
formulation comprises 15 percent by weight polydimethyl- 
siloxane (12,500 centistokes viscosity), 20 percent by 
weight Cx2-Ci5 alcohols benzoate and sufficient cyclomethi- 
cone to provide 100 percent by weight. 

6. A topical, pharmaceutical composition of mat- 
ter for use in treatment of androgenetic alopecia comprising 
from 1 to 50 percent by weight of a polydimethylsiloxane 

having a viscosity of fx 019 20 to 1,000,000 centistokes. £ 
7. A topical ? pharmaceutical composition of matter ^ 
for use in treatment of androgenetic alopecia comprising C12- 
C15 alcohols benzoate,, isopropyl palmitate, isopropyl my-. < 
ristate, di isopropyl. adi pate ^ octyl hydroxy-stearate, PPG-2 t p 
myristyl ether propionate, almond oil or mixtures thereof. C d 

A topical, pharmaceutical composition of mat- -~ ^ 
ter for use in treatment of androgenetic alopecia comprising > ^ 
volatile silicones, such as octamethylcyclotetrasiloxane, p Q 

decamethylcyclopentasiloxane , hexamethyldisiloxane or other 
low molecular weight polydimethyls iloxanes , or pharmaceuti- 
cal ly acceptably ,chlorof luorocarbons. 

. 9^ The topical pharmaceutical composition of 
matter for use in treatment of androgenetic alopecia as 
recited in claim 6 comprising: 

(a) from 1 to 50 percent by weight of a poly- 
dimethylsiloxane having a viscosity of from 20 to 
1,000,000 centistokes; 

(b) from 2 to 60 percent by weight of C12-C15 
alcohols benzoate, isopropyl palmitate, isopropyl 
myristate, diisopropyl adipate, octyl hydroxy- 
stearate, PPG-2 myristyl ether propionate 
almond oil, or mixtures thereof; and 

(c) sufficient volatile silicones , such as 
octamethylcyclotetrasiloxane, decamethylcyclo- 
pentasiloxane , hexamethyldisiloxane or other low 
molecular weight poly dime thy Is iloxanes, or phar- 
maceutically acceptable chlorofluorocarbons to 
provide 100 percent by weight. 
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HAIR COUNTS OVER TIME 
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HAIR COUNTS OVER TIME 
HAIR TYPE: l+T 
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HAIR COUNTS OVER TIME 
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HAIR COUNTS OVER TIME 
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<§) A topical pharmaceutical formulation, useful as a vehi- 
cle for E-type prostaglandins and in the treatment of an- 
drogenetic alopecia, is described. 
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